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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a zirconium-cerium based compound oxide excellent especially 
in thermal stability and redox properties. 

SOLUTION: This zirconium-cerium based compound oxide is a compound oxide containing zirconium 
and cerium, wherein (1) a >95 vol.% crystalline phase of the compound oxide consists of cubic crystal 
of zirconia-ceria based solid solution and (2) a ^75 vol.% cubic crystal ratio can be kept even after 
such a process is repeated twice or more that the compound oxide is thermally treated at 1,000°C and 
then cooled to a room temperature. And the method for manufacturing the zirconium-cerium based 
compound oxide consists of mixing basic zirconium sulfate with a solution containing cerium ion to form 
a mixed solution and of adding a base to the mixed solution to form a precipitation. 
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* NOTICES * 

iTPO and NCXFI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the multiple oxide containing a zirconium and a cerium — it is — more than 95 volume % of (1) 
crystal phase — the cubic of the zirconia-Seria system solid solution — it is — (2) — the zirconium-cerium 
system multiple oxide characterized by the cubic ratio concerned being more than 75 volume % also after 
repeating the process cooled to a room temperature after heat-treating the multiple oxide concerned at 1000 
degrees C twice or more. [ and ] 

[Claim 2] the multiple oxide containing a zirconium and a cerium — it is — the initial oxygen amount of 
adsorption of (1) — two or more 800micromol-O2/g-CeO -- it is -- (2) — the zirconium-cerium system 
multiple oxide characterized by having 70% or more of oxygen amount of adsorption of the initial oxygen 
amount of adsorption concerned also after repeating the process cooled to a room temperature after heat- 
treating the multiple oxide concerned at 1000 degrees C twice or more. [ and ] 

[Claim 3] the multiple oxide containing a zirconium and a cerium — it is — the initial oxygen amount of 
adsorption of (1) — two or more 800micromol-O2/g-CeO — it is — (2) — the zirconium-cerium system 
multiple oxide according to claim 1 characterized by having 70% or more of oxygen amount of adsorption 
of the initial oxygen amount of adsorption concerned also after repeating the process cooled to a room 
temperature after heat-treating the multiple oxide concerned at 1000 degrees C twice or more. [ and ] 
[Claim 4] The zirconium-cerium system multiple oxide according to claim 1 to 3 whose specific surface 
area after heat-treating a multiple oxide at 1 100 degrees C is more than 10m2/g. 

[Claim 5] The zirconium-cerium system multiple oxide according to claim 1 to 4 whose presentation ratio is 
10-70 % of the weight as a zirconium dioxide as 30 - 90 % of the weight, and cerium oxide. 
[Claim 6] Furthermore, the zirconium-cerium system multiple oxide containing at least one sort of a rare 
earth metal (except for a cerium), titanium, and a hafnium according to claim 1 to 5. 

[Claim 7] Furthermore, the zirconium-cerium system multiple oxide according to claim 1 to 6 contained in 
the range which does not exceed 3 % of the weight by making sulfur into sulfuric-acid voice. 
[Claim 8] The manufacture approach of the zirconium-cerium system multiple oxide characterized by 
making sediment generate by adding a base into the mixed liquor concerned after mixing a basic sulfuric- 
acid zirconium and the solution containing cerium ion. 

[Claim 9] The manufacture approach according to claim 8 that mixed liquor contains a rare earth metal 
(except for a cerium), titanium, and at least one sort of ion of a hafnium. 

[Claim 10] The catalyst ingredient for emission gas purification containing a zirconium-cerium system 
multiple oxide according to claim 1 to 7. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a new zirconium-cerium system multiple oxide and its 
manufacture approach. Furthermore, this invention relates to the catalyst ingredient for emission gas 
purification containing the above-mentioned multiple oxide. 
[0002] 

[Description of the Prior Art] In the three way component catalyst which can remove to coincidence the 
hydrocarbon, the carbon monoxide, and nitrogen oxides in the exhaust gas discharged by internal 
combustion engines, such as an automobile, as a catalytic activity component, in order to raise the catalytic 
activity with platinum group metals, such as platinum, a rhodium, and palladium, cerium oxide with a 
oxidation reduction property is used. 

[0003] However, since the oxidation reduction property of cerium oxide falls remarkably under an elevated 
temperature 800 degrees C or more, it is known for the catalyst containing platinum group metals and 
cerium oxide that the catalyst engine performance will tend to deteriorate. 

[0004] In order to maintain the oxidation reduction property of the cerium oxide under an elevated 
temperature, rare earth metals other than a cerium and/or the oxide of a zirconium are added, and the 
approach of controlling the crystallization is proposed (for example, JP,64-58347,A, JP,63-1 16741,A, etc.). 
Moreover, cerium oxide and a zirconium dioxide are beforehand prepared as a multiple oxide, and using this 
is also indicated (for example, JP,62-168544,A, JP, 1-281 144, A, JP,4-284875,A, etc.). 
[0005] Moreover, in order to raise the function as the co-catalyst or catalyst support of an offgas treatment 
catalyst, the method of improving the stability and the oxidation reduction property of specific surface area 
in cerium oxide and the multiple oxide containing a zirconium dioxide is also indicated (for example, JP,4- 
55315,A, patent No. 2698302, JP,5-286772,A, JP,9-278444,A, etc.). And the durable temperature over 
degradation of the stability of specific surface area required of a co-catalyst and catalyst support and a 
oxidation reduction property improves by about 1 000 degrees C with strengthening of the regulation system 
about an exhaust gas by the end of today when the cure against environmental preservation of earth 
environment is progressing. 
[0006] 

[Problem(s) to be Solved by the Invention] However, the stability of the specific surface area in the multiple 
oxide of the cerium oxide-zirconium dioxide of these former is after 1 000-degree-C heat-treatment, and 
even the multiple oxide which is not heat-treating 20m about 2/g and a oxidation reduction property is about 
2/g oxygen amount-of-adsorption 0.1 mmol-O. 

[0007] Under transit of the fixed conditions of an automobile (at the time [ For example, Japan ] of 10 mode 
transit), the great portion of total emission of the hydrocarbon which was not purified is discharged rather 
than the temperature as which a catalyst begins to function at the time of low temperature. The temperature 
as which this catalyst begins to function is called T50 (temperature which reaches 50% of rate of 
purification of the rate of the highest purification). The attempt which shortens time amount until a catalyst 
is heated is made by bringing a catalyst close to an engine more. According to this measure, the durable 
temperature for which the catalyst is asked will exceed 1000 degrees C, and, moreover, it will be put to a 
repeat heat cycle called rapid heating and cooling to ordinary temperature. For this reason, development of 
the new catalyst ingredient with which may be satisfied of these demands is needed. 
[0008] On the other hand, as a process which unites cerium oxide and a zirconium dioxide with 
homogeneity, water- solution ****** containing the water solution which generally contains cerium ion, and 
zirconium ion is added, and there is a method of collecting compound salt precipitate (JP,9-278444,A). 
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[0009] however, gel ** with many moisture content to the compound salt precipitate by the above- 
mentioned approach — since it is a high hydroxide, the filtration for removing an impurity or a solid-liquid- 
separation process is needed for an excess. Therefore, the processing speed per time not only becomes slow 
inevitably, but heat energy required for an oxide in order to carry out heat conversion becomes huge. Thus, 
it is hard to say that the conventional manufacture approach is suitable for manufacture on a industrial scale. 

[0010] Therefore, this invention is made in view of the trouble of this conventional technique, and sets it as 
the main purposes to offer the zirconium-cerium system multiple oxide which was excellent in thermal 
stability and an oxidation reduction property especially. 
[0011] 

[Means for Solving the Problem] As a result of repeating research wholeheartedly, this invention person 
finds out that the multiple oxide obtained by the specific process discovers a unique property, and came to 
complete this invention at last. 

[0012] That is, this invention relates to a following zirconium-cerium system multiple oxide and its 
following manufacture approach. 

[0013] 1. the multiple oxide containing a zirconium and a cerium — it is — more than 95 volume % of (1) 
crystal phase — the cubic of the zirconia-Seria system solid solution — it is ~ (2) — the zirconium-cerium 
system multiple oxide (the first invention) characterized by the cubic ratio concerned being more than 75 
volume % also after repeating the process cooled to a room temperature after heat-treating the multiple 
oxide concerned at 1 000 degrees C twice or more. [ and ] 

[0014] 2. the multiple oxide containing a zirconium and a cerium — it is — the initial oxygen amount of 
adsorption of (1) ~ two or more 800micromol-O2/g-CeO — it is — (2) — the zirconium-cerium system 
multiple oxide (the second invention) characterized by having 70% or more of oxygen amount of adsorption 
of the initial oxygen amount of adsorption concerned also after repeating the process cooled to a room 
temperature after heat-treating the multiple oxide concerned at 1000 degrees C twice or more. [ and ] 
[0015] 3. Manufacture approach of zirconium- cerium system multiple oxide characterized by making 
sediment generate by adding base into the mixed liquor concerned after mixing basic sulfuric-acid 
zirconium and solution containing cerium ion. 

[0016] Furthermore, this invention relates to the catalyst ingredient for emission gas purification which 
contains the zirconium-cerium system multiple oxide of a publication in the 1 st term of the above, or the 
2nd term. 
[0017] 

[Embodiment of the Invention] the multiple oxide with which the zirconium-cerium system multiple oxide 
of the first invention contains a zirconium and a cerium — it is — more than 95 volume % of (1) crystal phase 
— the cubic of the zirconia-Seria system solid solution — it is — (2) — also after repeating the process cooled 
to a room temperature after heat-treating the multiple oxide concerned at 1000 degrees C twice or more 
(especially 3 times or more), it is characterized by the cubic ratio concerned being more than 75 volume %. 
[and] 

[0018] More than 99 volume % is the cubic of the zirconia-Seria system solid solution preferably more than 
95 volume % of the crystal phase in a multiple oxide. By carrying out this cubic ratio to more than 95 
volume %, the engine performance which was excellent as a catalyst ingredient etc. can be demonstrated. 
[0019] Moreover, also after repeating the process cooled to a room temperature after heat-treating the 
above-mentioned multiple oxide at 1 000 degrees C twice or more, the above-mentioned cubic ratio is more 
than 80 volume % preferably more than 75 volume %. When it follows, for example, the above-mentioned 
process is repeated twice, the multiple oxide which is within the limits of the above-mentioned cubic ratio is 
included by this invention. 

[0020] The above-mentioned process heat-treats the 5g of the above-mentioned multiple oxides at 1000 
degrees C among an oxidizing atmosphere in the electric furnace currently beforehand heated by 1 000 
degrees C for a crucible for 3 hours, subsequently takes out a crucible from an electric furnace, and, 
specifically, carries out neglect cooling to a room temperature (about 18 degrees C) in a desiccator. This 
heating / cooling cycle is repeated twice or more (also in the following, the second invention, and an 
example, it is the same). 

[0021] the multiple oxide with which the zirconium-cerium system multiple oxide of the second invention 
contains a zirconium and a cerium — it is — the initial oxygen amount of adsorption of (1) — two or more 
800micromol-O2/g-CeO — it is — (2) — also after repeating the process cooled to a room temperature after 
heat-treating the multiple oxide concerned at 1000 degrees C twice or more (especially 3 times or more), it 
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is characterized by having 70% or more of oxygen amount of adsorption of the initial oxygen amount of 
adsorption concerned. [ and ] 

[0022] The initial oxygen amounts of adsorption are two or more 1 000micromol-O2/g-CeO preferably two 
or more 800micromol-O2/g-CeO. 

[0023] moreover — after repeating the process cooled to a room temperature after heat-treating the above- 
mentioned multiple oxide at 1000 degrees C twice or more ~ the initial oxygen amount of adsorption 
concerned - it has 80% or more of oxygen amount of adsorption preferably 70% or more. That is, it is 
desirable that the rate of degradation of the oxygen amount of adsorption is less than 30% in the second 
invention. 

[0024] As for the second invention, it is desirable to have the requirements for the first invention further, 
namely, more than 95 volume % of (1) crystal phase ~ the cubic of the zirconia-Seria system solid solution - 
- it is — (2) — also after repeating the process cooled to a room temperature after heat-treating the multiple 
oxide concerned at 1000 degrees C twice or more (especially 3 times or more), it is desirable that the cubic 
ratio concerned is more than 75 volume %. [ and ] 

[0025] As for the first invention and the second invention (both are hereafter called "this invention" 
collectively), it is still more desirable that the specific surface area (BET adsorption method) after heat- 
treating a multiple oxide at 1 100 degrees C is more than 20m2/g especially more than 10m2/g. It is desirable 
that the specific surface area after heat-treating at 1 100 degrees C especially for 3 hours serves as the above- 
mentioned value. 

[0026] What is necessary is just to usually make it into 30-60 % of the weight as a zirconium dioxide 
preferably ten to 70% of the weight as a zirconium dioxide as 40 - 70 % of the weight, and cerium oxide as 
30-90 % of the weight, and cerium oxide, although what is necessary is just to set up the presentation ratio 
in this invention suitably according to the application of a final product etc. 

[0027] In this invention, other metals (the third metal) may be contained if needed. For example, titanium 
besides rare earth metals, such as a scandium, an yttrium, a lanthanum, PURASEOJIUMU, neodium, 
samarium, europium, GADORIUMU, a terbium, a dysprosium, a holmium, an erbium, a thulium, an 
ytterbium, and a lutetium, a hafnium, vanadium, chromium, manganese, iron, cobalt, nickel, copper, zinc, 
molybdenum, a tungsten, an indium, tin, antimony, Lynn, etc. are mentioned. These can be used by one sort 
or two sorts or more. In especially this invention, at least one sort of a rare earth metal (except for a cerium), 
titanium, and a hafnium is desirable also in this. In this case, it is more desirable that at least one sort of a 
lanthanum, PURASEOJIUMU, and neodium is included at least. By adding these third metal, control of a 
crystal phase or the heat cycle stability of a oxidation reduction property can be raised more certainly. 
[0028] although what is necessary is just to set up the content of these third metals suitably according to the 
class of the third metal to be used, the application of a final product, etc. — usually — as an oxide — the 
inside of a multiple oxide - 30 or less % of the weight — desirable -- 1 - 15 % of the weight - more - 
desirable — 5 - 14 % of the weight — then, it is good. 

[0029] Furthermore, sulfur can also be made to contain with sulfate (S04) by this invention. Thereby, 
especially a oxidation reduction property can be raised further, the range which does not usually exceed 3 % 
of the weight among a multiple oxide although the content of this sulfate sulfur can be suitably changed by 
the presentation of a multiple oxide, the application of a final product, etc. — desirable — 0.05 - 1 .5 % of the 
weight — then, it is good. 

[0030] After mixing a basic sulfuric-acid zirconium and the solution containing cerium ion as the 
manufacture approach of this invention multiple oxide, for example, it can carry out by making precipitate 
generate by adding a base into the mixed liquor concerned. 

[0031] The hydrate of the compound which is not restricted, for example, is shown especially as a basic 
sulfuric-acid zirconium in ZrOS04, Zr02, 5Zr02 and 3S03, and 7Zr02 and 3S03 grade is mentioned. 
These can be used by one sort or two sorts or more. 

[0032] Generally, the thing or commercial item with which the particle size by small optical measurement of 
solubility is obtained as floe which has the particle size of 0.1 -about ten micrometers as floe of the particle 
which is dozens of A, and was obtained by the well-known process can be used for such basic salt. For 
example, "Gmelin Handbuch and TEIL 42 What was indicated by; Zirkonium (ISBN 3-540-93242-9, 334- 
353, 1958)" etc. can be used. 

[0033] The solution which will not be restricted especially if cerium ion (what is generally shown by Ce3+ 
and Ce4+) exists in stability, for example, was made to dissolve a cerium salt in a suitable solvent can be 
used for the solution containing cerium ion. As a cerium salt, organic-acid salts, such as inorganic-acid salts, 
such as a nitrate of a cerium, a sulfate, and a chloride, acetate of a cerium, and an oxalate, can be used, for 
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example. More specifically, a cerium nitrate (III), a cerium nitrate (IV), cerium chloride (III), cerium <4> 
sulfate (IV), an ammonium nitrate (III), etc. are mentioned. 

[0034] Moreover, although it will not be restricted as the above-mentioned solvent especially if a cerium 
salt, a zirconium salt, etc. can be dissolved, water, alcohols (for example, a methanol, ethanol, etc.), etc. can 
usually be used. What is necessary is just to usually make it into 1 0 - 20 % of the weight preferably about 1 
to 25% of the weight, although the concentration of a solution can be suitably changed with the presentation 
ratio of a multiple oxide etc. 

[0035] Furthermore, what is necessary is just to make the ion of the metal concerned contain in mixed 
liquor, when making a multiple oxide contain the third metal. For example, the compounds (for example, 
organic-acid salts, such as inorganic-acid salts, such as a sulfate of the third metal, a nitrate, and a chloride, 
acetate, and an oxalate etc.) containing the third metal may be blended with the solution or mixed liquor 
which contains cerium ion as it is, or the solution of the above-mentioned compound may be prepared 
beforehand, and this solution may be blended with the above-mentioned solution, mixed liquor, or a basic 
sulfuric-acid zirconium. 

[0036] Furthermore, what is necessary is to add the solution containing sulfate ion or just to make it hold the 
sulfate ion of a basic sulfuric-acid zirconium, when making a multiple oxide contain sulfate sulfur. What is 
necessary is to add the compounds (for example, sulfates, such as a sulfuric acid or an ammonium sulfate, a 
sodium sulfate, potassium sulfate, and an aluminum sulfate etc.) containing sulfate ion in said solution, or to 
prepare the solution of an addition component beforehand, and just to blend this solution with said solution 
or a basic sulfuric-acid zirconium, when adding the solution containing sulfate ion. What is necessary is to 
change pH at the time of adding a base, for example and making a hydroxide generate as an approach of 
holding the sulfate ion of a basic sulfuric-acid zirconium, and just to control for sulfate ion not to ****. 
[0037] The concentration of a solution etc. can be adjusted suitably and the blending ratio of coal of a basic 
sulfuric-acid zirconium and the solution containing cerium ion can determine it so that it may become the 
aforementioned presentation ratio. Moreover, what is necessary is just to usually make preferably 80 degrees 
C or less of temperature of mixed liquor into 20-50 degrees C. 

[0038] Subsequently, after mixing a basic sulfuric-acid zirconium and the solution containing cerium ion, a 
base is added into the mixed liquor concerned and it is made to generate precipitate. 

[0039] Especially as a base, it is not restricted, for example, well-known alkali chemicals, such as a sodium 
hydroxide, a potassium hydroxide, a sodium carbonate, an ammonium carbonate, and ammonia, can be 
used. It is desirable to use strong bases, such as a sodium hydroxide and a potassium hydroxide, especially 
in this invention. Moreover, as for these bases, adding as a water solution is desirable. In this case, what is 
necessary is just to usually make especially [ as possible ] concentration of a water solution into 20 - 25 % 
of the weight preferably about 5 to 50% of the weight, although pH adjustment is not limited. 
[0040] The content of the sulfate sulfur in a multiple oxide is especially controllable by this invention by 
changing the addition (namely, pH) of a base. What is necessary is just to usually make pH of mixed liquor 
less than [ 12 or more ] into 14. What is necessary is just to set up the addition of the base according to a 
desired content suitably within the limits of this. 

[0041] The generated precipitate is recoverable by the well-known solid-liquid-separation approach, after 
carrying out filtration, rinsing, etc. according to the recovery approach adopted with the well-known 
coprecipitation method etc. The collected precipitate may be dried if needed. Desiccation may be any of air 
drying or stoving. 

[0042] In this invention, precipitate may be calcinated further if needed. What is necessary is just to usually 
calcinate them above 400 degrees C in an oxidizing atmosphere or atmospheric air, although especially 
baking conditions are not restricted. The upper limit of burning temperature is not restricted especially as 
long as a desired multiple oxide is obtained. What is necessary is just to usually make it into about 1 - 8 
hours, after the temperature of a baking object reaches laying temperature although what is necessary is just 
to set up firing time suitably according to burning temperature etc. After baking may perform well-known 
grinding processing, classification processing, etc. if needed. 

[0043] The catalyst ingredient for emission gas purification of this invention can be used as a catalyst, a co- 
catalyst, catalyst support, etc., including this invention zirconium-cerium system multiple oxide. It is useful 
as a co-catalyst which assists especially work of the noble metals (for example, platinum, a rhodium, 
palladium, iridium, etc.) which are the active ingredients for emission gas purification in directly under 
[ engine ]. Moreover, it can use suitably also as an OSC (oxygen adsorption) structure corresponding to the 
monitoring of OBD-II regulation. 
[0044] 
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[Function] By the manufacture approach of this invention, a base is added into the mixed liquor containing a 
basic sulfuric-acid zirconium and cerium ion. Neutralization of the sulfate ion in a basic sulfuric-acid 
zirconium and the hydroxide ion (OH-) supplied by the base and neutralization of cerium ion and the 
hydroxide ion advance to coincidence. 

[0045] At this time, cerium ion exists alternatively near the sulfuric-acid site of a basic sulfuric-acid 
zirconium with chemical compatibility with sulfate ion, and it hydroxylates it also in the front face of a basic 
sulfuric-acid zirconium (depending on the advance degree of neutralization, it is zirconium hydroxide). 
Generally this phenomenon follows the principle of anaphase precipitate or the coprecipitation. 
[0046] In this invention, the precipitate which the zirconium and the cerium united with homogeneity can be 
efficiently obtained by using this characteristic reaction. Moreover, in this reaction process, the sulfate ion 
contained in a basic sulfuric-acid zirconium by the difference of the chemistry compatibility of a zirconium 
and a cerium, and sulfate ion generates the intermediate field once combined with cerium ion (or 
hydroxylation cerium) (or chemisorption), after being desorbed from a zirconium. The content of this 
phenomenon in the inside of the multiple oxide of sulfate sulfur is clear to the oxidation reduction property 
resulting from cerium oxide instead of the thermal stability of the specific surface area resulting from a 
zirconium dioxide also from influencing greatly. 
[0047] 

[Effect of the Invention] By especially the manufacture approach of this invention, since a basic sulfuric- 
acid zirconium is used as a zirconium precursor, the high zirconium-cerium system multiple oxide of 
chemical homogeneity can be efficiently manufactured with sufficient repeatability, and it is suitable for 
production on a industrial scale. 

[0048] Since the zirconium-cerium system multiple oxide of this invention has the high structure of 
chemical homogeneity, it is excellent in thermal stability and a oxidation reduction property. Therefore, the 
outstanding thermal stability and the outstanding oxidation reduction property are maintainable also to a 
heating-cooling cycle especially. 

[0049] For this reason, when using this as catalyst ingredients for emission gas purification in an internal 
combustion engine (a catalyst, a co-catalyst, catalyst support, etc.), also in the heating-cooling cycle by halt- 
starting-acceleration-halt of an engine, there is almost no change of the crystal structure, the outstanding 
oxidation reduction property is stabilized, and it can obtain. 
[0050] 

[Example] An example and the example of a comparison are shown below, and the description of this 
invention is clarified more. However, this invention is not limited to these examples. The measuring method 
of each physical-properties value was performed by the following approach. In addition, in the zirconium in 
an example, the hafnium (1 .3 - 2.5 % of the weight as an oxidation hafnium) is contained as an unescapable 
impurity. 

(1) It investigated by the presentation ratio ICP-emission spectrochemical analysis of a multiple oxide. 

(2) It measured with the oxygen pulse method in 600 degrees C using oxygen amount-of-adsorption 
equipment "Multitasking TPD (TPD-l-AT) 11 (product made from a Japanese bell). 

(3) The rate of degradation of the oxygen amount of adsorption (OSC) 

It asked to be shown in a bottom type by **(ing) a difference with the oxygen amount of adsorption (OSC2) 
after repeating the initial oxygen amount of adsorption (OSC0) of a multiple oxide, and two heating-cooling 
cycles by the initial oxygen amount of adsorption. 

[0051] It asked to be shown in the bottom type of a cubic ratio in OSC(%) =[(OSC0-OSC2) /OSC0] xlOO 

(4) crystal phase by **(ing) reinforcement (la) of the cubic crystal face (1 1 1) of a multiple oxide by the 
cubic of a multiple oxide, and the sum (Ia+Ib) of the cubic crystal face (1 1 1) on the strength of a pure 
cerium oxide simple substance. In addition, each reinforcement was measured using equipment "Geiger 
FREX RAD-2C" (Rigaku make). 

[0052] Cubic ratio (volume %) = it measured with the plasma combustion-infrared absorption method using 
[Ia/(Ia+Ib)] xl00(5) sulfate- sulfur content equipment "HORIBA EMIA-520" (Horiba make). 
[0053] The example 1 basicity sulfuric-acid zirconium (86g is contained as a zirconium dioxide) was 
distributed in lOOOg of water, the cerium-nitrate water solution (88g is contained as cerium oxide), the 
lanthanum nitrate water solution (18g is contained as lanthanum oxide), and the nitric-acid 
PURASEOJIUMU water solution (8g is contained as oxidization PURASEOJIUMU) were added further, 
and mixed liquor was prepared. 

[0054] Subsequently, the 25-% of the weight sodium-hydroxide water solution was added until pH of mixed 
liquor was set to 13.5, and precipitate was obtained. Solid liquid separation of the generated precipitate was 
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carried out, it was collected, and solid content was calcinated at 660 degrees C among atmospheric air for 3 
hours. 

[0055] The crystal phase of the obtained multiple oxide was a single cubic, and the initial oxygen amount of 
adsorption was 412micromol-02/g (940micromol-O2 / g-Ce02). Presentation ratios were 42.9 % of the 
weight of zirconium dioxides, 43.8 % of the weight of cerium oxide, 9.1 % of the weight of lanthanum 
oxide, and 4.1 % of the weight of oxidization PURASEOJIUMU. The sulfate sulfur content was 0.1 % of 
the weight. Moreover, the rate of degradation of 1 00 volume % and the oxygen amount of adsorption of the 
cubic ratio after a heating-cooling cycle was 7%. The BET specific surface area after heat-treating at 1 100 
degrees C for 3 hours was 22m2/g, and the oxygen amounts of adsorption were 840micromol-O2 / g-Ce02. 
[0056] An example 2-5 basicity sulfuric-acid zirconium, a cerium-nitrate water solution, a lanthanum 
nitrate water solution, and nitric-acid PURASEOJIUMU were blended by the ratio (g) shown in Table 1 , 
and also the multiple oxide was produced like the example 1 . Each rate of a cubic of each obtained multiple 
oxide was more than 95 volume %. 

[0057] The cubic ratio after the presentation ratio of each multiple oxide, the content of sulfate sulfur, the 
initial oxygen amount of adsorption, and a heating-cooling cycle, the rate of degradation of the oxygen 
amount of adsorption, the oxygen amount of adsorption after heat-treating at 1 1 00 degrees C for 3 hours, 
and a BET specific surface area are shown in Table 2, respectively. 
[0058] 
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[0059] 
[Table 2] 
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[0060] The cerium-nitrate water solution (74g is contained as cerium oxide) and the lanthanum nitrate water 
solution (2g as a lanthanum trioxide) were added, and mixed liquor was prepared in the example of 
comparison 1 zirconium-nitrate water solution (24g is contained as a zirconium dioxide), and it added 2g of 
ammonium sulfates further in it. 25-% of the weight aqueous ammonia was added into this mixed liquor 
until pH was set to 10.2, and it was made to generate precipitate. Solid liquid separation of the precipitate 
was carried out, and the obtained solid content was calcinated at 660 degrees C among atmospheric air for 3 
hours. As for the crystal phase of this multiple oxide, two kinds of cubics, i.e., the cubic of a multiple oxide, 
and the cubic of a cerium oxide simple substance were intermingled. Each physical properties of the 
obtained multiple oxide were investigated like the example 1. The result is shown in Table 3. 
[0061] In the example of comparison 2 zirconium-hydroxide water solution (84g is contained as a zirconium 
dioxide), the cerium-nitrate water solution (1 16g is contained as cerium oxide) was added, and mixed liquor 
was prepared in it. 25-% of the weight aqueous ammonia was added into mixed liquor until pH was set to 
10.2, and it was made to generate precipitate. Solid liquid separation of the precipitate was carried out, and 
the obtained solid content was calcinated at 660 degrees C among atmospheric air for 3 hours. As for the 
crystal phase of this multiple oxide, two kinds of cubics, i.e., the cubic of a multiple oxide, and the cubic of 
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a cerium oxide simple substance were intermingled. Each physical properties of the obtained multiple oxide 

were investigated like the example 1 . The result is shown in Table 3 . 

[0062] 
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[0063] Heating / cooling cycle (heat treatment cycle) trial was repeated 4 times about the multiple oxide 
obtained in example of trial 1 example 1 , the example 1 of a comparison, and the example 2 of a 
comparison. It analyzed by X-ray diffraction for every one heating / cooling cycle about each sample. The 
result is shown in drawing 1 -3, respectively. Moreover, OSC was measured for every one heating / cooling 
cycle about each sample. The result is shown in drawing 4 . 

[0064] From drawing 1 -3, by repeating a heat treatment cycle shows that the reinforcement of the peak 
equivalent to the Seria (111) side becomes strong, and the reinforcement of the peak equivalent to the cubic 
(111) side of the zirconia-Seria system solid solution is falling with the multiple oxide of the examples 1 and 
2 of a comparison. Sintering of Seria advances and this shows that the catalyst engine performance is 
falling. On the other hand, even if the multiple oxide of an example 1 repeats a heat treatment cycle, the 
cubic of the zirconia-Seria system solid solution is dominance, and it turns out that generation of pure Seria 
is prevented and it is stabilizing. 

[0065] Moreover, with the multiple oxide of the examples 1 and 2 of a comparison, by repeating a heat 
treatment cycle shows that the oxygen amount of adsorption is falling sharply from drawing 4 . On the other 
hand, in the example 1 , it turns out that such a fall is not accepted but the engine performance stabilized 
comparatively can be demonstrated. 

[0066] About the multiple oxide obtained in the example of trial 2 example 5, the same heating / cooling 
cycle (heat treatment cycle) trial as the example 1 of a trial was performed. The result is shown in drawing 
5 . Moreover, OSC was measured for every one heating / cooling cycle like the example 1 of a trial. The 
result is shown in drawing 6 . 

[0067] The cubic of the zirconia-Seria system solid solution is dominance, and drawing 5 shows generation 
of pure Seria being prevented and stabilizing, even if the multiple oxide of an example 5 repeats a heat 
treatment cycle like an example 1 . Moreover, drawing 6 shows that the sharp fall of the oxygen amount of 
adsorption is not accepted, but the engine performance stabilized comparatively can be demonstrated in the 
example 5. 
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[Drawing 6] 
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